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Õ hLd&AMOBOgYLd l)Ö d�×»d5Ø�fgAMCPd�OBØ[hLd5ELY m AMKLÙ lPÖ o^IP?BI mDm d m U l Z^O l K;Ogo^IJØ�d�Ú�Ogh^I)?Bd5E�o^I)?[I mMm d m OVGHOVfgd5\;O
h^IPOTZnd5d"K,fBhLdOgYLZHUbdpØ!f l)Ö Ogd"CJd"?[I m ?Bd5Ø"d"Kuf�?Bd5Ogd5I)?[Ø[h,ObfBY^EHAMd5O�Û ÜPÝ�Q
ÛDÞpßWÝ¨Q
ÛµÞ5Ü)Ý¨Q¿Û ßHÞ�Ý¨qnà l OVf
l)Ö fBhLde?gdpOVdpI)?[Ø[h]f l ELI)fgd l K$fghLAFO�f l oLAFØThnIPO Öál Ø�Y^Ogd5E l K$fghLd�OBØ[hLd5ELY m AMKLÙ l)Ö ?gAMÙPAFE�U l Z^O"Q
A_q dPqPU l Z^O Öál ?�â&hLAFØ[h2fgh^d.K@YL\�Z§d"? lPÖ ?gdpãJY^AD?Bd5EXoL? l Ø�d5OBO l ?[O~AFO&ä^å@dpE=q Õ h^AMO&\]I)fBØ[hLdpO&fgh^d
oL?BIJØ!fBAMØ"d�INfTI mDm OVY^ond5?BØ l \;oLYHfBd"?�Ø"d"Kufgd5?BO�f l¶l YL?�a@K l â m d5EHÙJdPæLY^Ogd"?[O�Ogo§d5Ø�A Ö G2I¶OVo§d5Ø"Aµä§Ø
OVAMKLÙ m d�CWI m Y^d Öál ?
fghLdÇK@YL\Znd5? lPÖ oL? l Ø�dpOgO l ?[Oç?Bd5ãuYLAM?Bd5E.Z@G.I~U l Zçq k�l â�d"CPd5?5Qp\ l OVf�o^I)?[I m Ú
m d m I)o^o m AFØ"I)fgA l K^O1I)?Bd&\ lJm E^I)Z m d�ÛDÞ5èNÝ¨Q)A�q dJq)fBhLd"G;Ø"IPK]Znd�d"åHd5Ø�YLfgd5E l K]EHAµ×»d"?Bd"Kuf�KuY^\�Z§d"?[O
l)Ö oL? l Ø�dpOgO l ?[O"qJé Ö fgh^dT\]IPØ[h^ADKLd�â�d"?Bd�d"\;oHfbGJQufghLd Ö IPOVfgdpObf�fgY^?gK^IP? l YLK^E;fBAD\;d Öál ?&I.onI)?gÚ
fgAFØ�Y m I)?~U l ZÈâ l Y m E4Znd l ZHf[I)AMKLd5E4ZuG4Ogo§d5Ø�A Ö G@ADK^Ù$IPO m I)?BÙPd�I$K@YL\�Z§d"? l)Ö oL? l Ø�dpOgO l ?[O�IJO
o l OgOgADZ m dJqJê�YHf l K¶I�\]IPØ[hLAMKLd&â&ADfgh¶hLdpIWC@G mMl IPERQPOVo§d5Ø"A Ö G@AMKLÙ Ö d5â~d5?1oL? l Ø�d5OBO l ?[O¿\]IWG;IPØ�Ú
fgY^I mDm G.oL? l C@AMEHd&I Ö IPOVfgd5?
fgYL?BK^IP? l YLK^E�fBAD\;dÇfBh^I)K]OgondpØ�A Ö GuAMKLÙefBhLdÇ\;I)åHAD\YL\ëK@YL\Znd5? l)Ö
oL? l Ø"d5OBO l ?BO5qJì m fBh l YLÙJhXI�?BYLK�â&ADfghX\ l ?BdTo^? l Ø�dpOgO l ?[O~AMO m ADaJd m G]f l fBIPaPd m dpOgO�fBAD\;d�fgh^IPK
l K Ö d"â�d"?�oL? l Ø�dpOgO l ?[O"QpfBhLd�âÇI)ADfgAMKLÙ�fgAM\�d�ADK�fgh^d�ãJY^d"YLd&\]IWG�Z§d&\�YnØ[h mMl K^ÙPd"?pqNé¨fjâ l Y m E
Znd�EHd5OgAD?[I)Z m d&f l h^IWCJd�I)K]AMKufgd mMm ADÙJd"Kuf�OBØ[hLd5ELY m d5?~EHd"fgd5?g\;AMKLd&fgh^d�K@YL\�Z§d"? l)Ö oL? l Ø�dpOgO l ?[O
f l I mMmMl Ø5INfBdTf l EHAD×§d5?gd5KJf1U l Z^O5QLâ&ADfgh l YHf Öál ?[Ø�AMKLÙ;fgh^d�Y^OVd5?&f l Ogo§d5Ø�A Ö G$I]OgAMKLÙ m d.OVo§d5Ø"Aµä§Ø
CWI m Y^dPq

>@d"CJd"?[I m OVfgY^ELADdpO1h^IWCJd�Ø l K^OgAMEHd5?gdpE�U l ZXOgØ[hLdpEHY m ADK^Ù Öál ?~fghLd�Ø"IJOVd l)Ö \]I mMm dpI)Z m d�U l Z^O"Q
â&hLd"?Bd2fghLdÊKuY^\�Z§d"? lPÖ o^? l Ø�dpOgO l ?[O Öál ?�IXU l ZíØ"I)KîZ§d4CNI)?BADdpEîEHG@K^I)\;AFØ"I mMm G�ÛDÞ�Ý¨Q�Û ßNÝ�Q
Û ï)Ý�QjÛDÞpðNÝ�Q�ÛDÞ5ñNÝ¨Q�ÛµÞNòpÝ¨q=é�KÊfBhLAFOeo^I)o§d"?pQ=â~d;Ø l K^OgAMEHd5?�fghLd¶OBØ[hLd5ELY m AMKLÙXYLK^EHd5?.I�\ lJm ELIPZ m d
U l Zó\ l EHd m q~`&d5Ø"d"Kuf m Gõô�I mDÖ ?gdpE l÷ö AD?BKLdøÛ ðNÝ�Q�Û ñNÝ¨Q�Û�òpÝ�d"CNI m Y^I)fgdpEõfBhLd,d�×»d5Ø�fgAMCPd"K^d5OBO l)Ö
\ lJm E^I)Z m d�U l Z,OgØ[h^d5EHY m AMKLÙ^qLùTOVAMKLÙ¶OgGuKufBhLd�fBAMØ~U l ZXfB?BIJØ�d5O5QHhLd.Ogh l â�d5E¶AM\;oL? l CPd"\;d5KJf&AMK
fgYL?BK^I)? l Y^K^E4fBAD\;dpO l)Ö U l Z^OeY^K^EHd"?I$\ lJm ELIPZ m d¶OgØ[hLdpEHY m ADK^ÙX\ l EHd m QRâ&h^d"KøØ l \�onI)?Bd5E
ú xP�J´u´Hv5��yb{[¸tw}�´uz"��y1�N��z�²5�Vz"})yj¼D�bvp�ûxJz"}@¸Jtµz�üÇz"ybtwv5}@z5�§ý§z"�Hv5�Vz"ybv"�btw{[�[½



f l I$OVfBIPK^ELIP?BEÈØ l KnOVd5?gCNINfBADCJd�Z^IJØ[auä mDm AMKLÙXOBØ[hLd5\�d2ÛDÞ"Ü)Ý¨QjÛ ßPßWÝ¨q=ì ÙP?Bd"d5ELG4ObfB?BI)fgd"ÙJG2â�IJO
d"\;o mMl GPd5E÷INf�U l Z:OgYLZL\;AFOgOgA l KøfgAM\;d Öál ?;OVd m dpØ!fgAMKLÙÊfghLdXoL? l Ø"d5OBO l ?�o^IP?VfBAµfBA l K÷OgA � d Öál ?
d5IPØ[hÊU l Z:Ú�I)\ l K^ÙÉI�Ogd�f l)Ö o l OgOgADZ m d,Ø[h l AMØ"d5O�AMELd"KufgADä^d5E Öál ?]dpIPØ[hÊU l Z��áY^OgADK^ÙÉ?[I)KLÚ
E l \ CNI)?BAMIPZ m d5OjØ[h^IP?BIJØ!fBd"?BA � ADKLÙefBhLdjU l Z�� O1OBØ"I m I)Z^A m AµfbG���Q)fgh^d l K^d�fghnINf~ÙuIWCPdÇfBhLd�dpI)? m AMd5OVf
d5OVfgAM\;I)fgdpEXØ l \;o m d�fBA l K�fBAD\;d�âÇIPO&Ø[h l OVd5KRq

ù�OgADKLÙ�I�OgYLZ^Ogd�f lPÖ I l K^d�Ú¨GPd5IP?§U l Z�fg?[IPØ"d Ö ? l \ fghLd ö~l ?gKLd mDmnÕ hLd l ?gG ö d5KJfBd"?�Û �NÝ¨QNâ�d
d"CNI m Y^INfBd5E$fgh^d.d�×»d5Ø�fgAMCPd"K^d5OBO l)Ö I;ÙP?Bd"dpEHG�onI)?gfgADfgA l K,OVd m dpØ!fBA l K2OVfg?[INfBd"ÙJG Öál ?�\ lJm ELIPZ m d
U l Z2OgØ[hLdpEHY m ADK^Ù^qHé�K^OVfgdpIPE l)Ö ?Bd5OVfg?BAFØ!fgAMKLÙfghLd�?[I)K^ÙPd l)Ö o^? l Ø�dpOgO l ?ÇØ[h l AMØ"d5O Öál ?&dpIPØ[h.U l Z
ZuG,YnOVd l)Ö Obf[INfgAFOVfgAFØ"I m EHAFOVfg?BADZLYLfgA l K^O	�_IPOeE l K^dAMK ö AM?BKLd
� O�d�åHond5?gAM\;d"KufBO��!Q»â�d�I mDmMl â�d5E
d5IPØ[heU l Z�I.?[I)K^ÙPd lPÖ Ø[h l AFØ�dpO Ö ? l \ l KLd�oL? l Ø"d5OBO l ?�f l fghLdTf l fBI m K@YL\�Z§d"? l)Ö oL? l Ø�dpOgO l ?[O
ADKøfBhLd�OgGHObfBd"\2qçôÉd Öál YLK^EÉfgh^d�o§d"? Öál ?B\;IPK^Ø�d]AM\;oL? l CPd"\;d5KJf.o^? l C@AFEHd5EÉZ@GÈ\ lJm ELIPZ m d
OgØ[hLdpEHY m ADK^Ù l CPd"?�OVfBIPK^ELIP?BEXK l KHÚ�\ lJm ELIPZ m dÇU l Z,OgØ[h^d5EHY m AMKLÙ]f l Z§d�Ø l K^OgAMELd"?[I)Z m G mMl â~d5?
fgh^IPK¶fghnINfÇ?gd5o l ?VfBd5E]Z@G ö AM?gKLdJq Õ h^dT?Bd5OgY m fBO l)Ö fBhLdTd"åHond5?gAM\;d"KufBO~hLAMÙPh m ADÙJhufgd5E¶fghLd�AM\Ú
o l ?Vf[I)K^Ø"d lPÖ Ø"IP?gd Ö Y m Ogd m d5Ø!fBA l K lPÖ fgh^d�o^? l Ø�dpOgO l ? o^IP?VfBAµfBA l K�OgA � d Öál ?�d5IJØ[h�U l Zçq)ì:ÙJ?gd5d5EHG
OVd m dpØ!fgA l K¶OVfg?[INfBd"ÙJG l CPd5?1I�â&AFEHd�?[I)K^ÙPd l)Ö Ø[h l AMØ"d5O Öál ?1onI)?gfgADfgA l K¶OgA � d�â�IJOjoL? l Z m d5\;I)fgAFØ
Ú�\ l OVf�U l Z^O�fgd5K^EHd5E4f l Ø[h l@l Ogd�CPd5?gGXâ&AFEHdonI)?gfgADfgA l K^O5Q^?Bd5OgY m fgAMKLÙ�AMKÈEHd"fgd5?gA l ?[INfBA l K l)Ö
ond5? Öál ?g\]I)KnØ�d Öál ?�Og\]I mMm U l Z^O5q

ù�OgADKLÙ�fBhLdÊAMK^OgADÙJhufBO Ö ? l \ fghLdÊADKLADfgAFI m d�åHo§d"?BAD\;d5KJf[O"Q1â~dÊELd"CPd mDl oíIø\ l ?Bd,d�×»d5Ø!Ú
fgAMCPdõOVfg?[INfgd5ÙPG Öál ?ÊOgd m d5Ø!fBA l K lPÖ o^I)?gfgADfgA l K OVA � d Öál ?4\ lPm ELI)Z m d2U l Z OBØ[hLdpEHY m ADKLÙnq�ôÉd
OVh l â fgh^I)f�fBhLd2oL? l o l Ogd5E÷OBØ[hLd5\�d2oL? l C@AMELd5O�Ø l KnOVAFEHd"?[I)Z m d l CPd"?[I mMm AD\;oL? l CPd5\�d5Kuf�AMK
U l ZXfgYL?BK^IP? l YLK^E]fBAD\;d lPÖ m I)?BÙPd~U l Z^O5QLâ&ADfgh l YHf�OgADÙJKLAµä§Ø"I)Kuf m G]AM\;ondpEHADK^Ù¶OV\]I mMm U l Z^O"q

Õ hLAMOjo^I)o§d"?jAFO l ?gÙuI)KLA � dpE�IPO ÖálPmMmDl â�O5qNé�K¶>@d5Ø�fgA l K�ßHQNâ�d&oL? l C@AMEHd&O l \;d&Z^IJØ[auÙJ? l YLK^E
ADK Öál ?g\]I)fgA l K]o§d"?gfgAMKLd"Kuf1f l fgh^AMO~o^I)o§d"?pqu>Hd5Ø!fBA l K¶ï�d"CNI m Y^I)fgdpO�fgh^d�oL?Bd"C@A l Y^O m GoL? l o l Ogd5E
ÙP?Bd"d5ELG�OgYLZL\;ADfVÚ�fgAM\�de\ lPm ELIPZ m d�OgØ[h^d5EHY m AMKLÙIPoLoL? l IPØ[hçqPì8K^d"â8IPoLoL? l IPØ[h�f l Ogd m d5Ø!fBA l K
l)Ö o^? l Ø�dpOgO l ?Ço^IP?VfBAµfBA l KXOgA � deAMOÇo^?gdpOVd5KJfBd5EXI)K^E$d"CNI m Y^I)fgdpE$AMK,>@d5Ø�fgA l K2Ü^qLì�KXd5KLh^IPK^Ø�d"Ú
\�d5Kuf.f l fBhLAMO�I)oLoL? l IJØ[hÊAFO.oL? l o l Ogd5EÉI)KnEÈd5CNI m Y^INfBd5EÉADKõ>@dpØ!fBA l Køð2IPK^EÉâ~d]o^? l C@AFEHd
Ø l KnØ m Y^OVA l KnOÇADK,>@d5Ø�fgA l K,ñLq

� ���Ó����jÏ^Ð1Ò�ÍTÑ��
ÍTÑ�� Ð1Ï����bÐ���Ñ������
Ï���Ó§Î��RÏ^Ô �!�¿ÎLÔVÐ1Í

>HØ[hLd5ELY m AMKLÙ lPÖ o^IP?BI mDm d m U l Z^OeAMO.Y^OVYnI mMm G4C@AMd"â�d5EÈADKÉfBd"?B\;O l)Ö I4ß
" Ø[h^I)?gf�â&AµfBhÉfgAM\�d
I mMl KLÙ l KLdÊINåHAFO¶I)KnEófghLd4K@YL\Znd5? lPÖ o^? l Ø�dpOgO l ?[O]I mMl K^Ù�fghLd l fghLd5?$I)å@AFO5q$#1IJØ[hÈU l Z
Ø"I)K÷Znd$fgh l YLÙPhuf l)Ö IPO�I4?Bd5Ø�fBIPKLÙ m d¶â&h l OVd$â&AME@fBh÷AFO.fBhLdXY^OVd5?dpObfBAD\]I)fgd5Eõ?gYLKõfgAM\�d
I)K^E�hLd"AMÙPhuf&AMO~fBhLdeKuY^\�Z§d"? l)Ö oL? l Ø"d5OBO l ?BO1?gdpãJY^d5OVfgd5ERq Õ h^deOgAM\�o m dpObf&âÇIWGf l OBØ[hLdpEHY m d
U l Z^O�AFO1f l Y^OVdTfgh^d&% AM?BOVfVÚ ö~l \;d"Ú'% AM?BOVfVÚb>@d"?BCPdpE(�)% ö %�>��~o lPm AMØ"GPq Õ hLAFOÇI)oLo^? l IPØ[h¶OgYH×§d5?BO
Ö ? l \ mMl â�OgGHObfBd"\(YHfgA m A � I)fgA l KRq§êÇIPØ[auä mMm AMKLÙ,ÛµÞpïNÝ¨QçÛDÞ"Ü)Ý¨QçÛ ßPßNÝçâ�IJOÇoL? l o l Ogd5E$f l AM\;oL? l CJd
OVGHOVfgd"\ YHfgA m A � INfgA l KõIPK^EÉh^IPO.Znd5d"KøAM\�o m d5\�d5Kufgd5E�AMKõOgd"CPd5?BI m oL? l ELY^Ø!fBA l K�OBØ[hLdpEHY m d"?[O
ÛµÞJÞ�Ý¨qpêÇIPØ[auä mMm ADKLÙTâ l ?gaHOçZuG�AFEHd5KJfBA Ö G@AMKLÙ+*Vh lJm dpO-,�ADK�fghLd�ß."îØ[h^IP?Vf
I)K^E�\ l CuAMKLÙ Öál ?Bâ�IP?BE
OV\]I mMm d"?¿U l Z^O~fghnINf�äLfÇfgh l OVd�h lPm d5O5q Õ hLd"?Bd�IP?gd�fbâ l Ø l \�\ l K¶CNI)?BAMIPKJf[Ojf l ZnIPØ[auä mMm AMKLÙ.Ú
Ø l KnOVd5?gCNINfBADCJd�IPK^EXI)ÙPÙJ?gdpOgOgAMCPd/�0#1ìT>21&��ÛDÞ"ÜPÝ�QRÛDÞ43)Ý�qHé�K,Ø l K^Ogd"?BCNINfgAMCPdTZ^IPØ[auä mMm QHd"CPd5?gGeU l Z
AMO~ÙPAMCPd5K�I�?Bd5Ogd"?BCWI)fgA l K]â&hLd5K¶ADf�d5KJfBd"?[OjfBhLdTOgGHObfBd"\2q@ì�Og\]I mMm d5?RU l Z�AMO~\ l CPd5E Öál ?Bâ�IP?BE
ADK�fgh^dÇãuYLd5YLd&IPO mMl KLÙ�IJO¿ADf1E l d5O
K l fjEHd m IWG.I)K@G.o^?gd5CuA l YnO m G.ãuYLd"YLdpE�U l ZRq)é�K;I)ÙJÙP?Bd5OBOVAMCPd
Z^IPØ[auä mMm AMKLÙnQ l K m G]fghLdÇU l ZXI)fÇfghLd�hLdpIPE l)Ö fghLd.ãuYLd5YLdeh^IPO&I�?Bd5Ogd"?BCWI)fgA l KRq@ì Og\;I mDm U l Z
AMOÇI mMmMl â~dpE�f l�m dpI)o Öál ?gâÇI)?[E]IPO mDl KLÙIJO1ADf�E l d5O~K l f&EHd m IWG�fgh^d1U l Z$INf~fghLd�hLdpIPE lPÖ fgh^d
ãJY^d"YLdJq



ìõU l Z$AFOÇOgIPAME¶f l Znde\ lPm ELIPZ m d�A Ö ADf&Ø5I)K$?gYLK l K$\�Y m fgAMo m d�o^? l Ø�dpOgO l ?�?Bd5ãuYLd5OVf&OVA � dpO
ÛµÞpèNÝ¨q§é Ö fghLd;Y^Ogd"?�?gdpãuYLd5OVfBOeI m I)?BÙPdK@YL\�Z§d"? l)Ö oL? l Ø"d5OBO l ?BO5QLfBhLd;d�åHd5Ø"YHfgA l KÊfgAM\�d l)Ö I
U l ZÊ\]IWG2Z§d mMl â~d5?5QnZLYHf�ADf�\]IWG2h^IWCPd�f l â�IPAµf Öál ?eI mMl KLÙ�fgAM\;dAMK4fBhLd]ãJY^d"YLdZnd Öál ?Bd
I mMm KLd5d5EHdpEíoL? l Ø"d5OBO l ?BO]IP?gd4IWCNIPA m I)Z m dPq1é Ö fghLdÈY^OVd5?�?Bd5ãuYLdpObf[O¶IõOg\;I mDm d"?$K@YL\�Z§d"? l)Ö
oL? l Ø"d5OBO l ?BO5QHfgh^dâÇI)ADfTfBAD\;d�\]IWGXZ§d mDl â�d"?TZLYHf�fghLd�?gY^K,fgAM\;d�â&A mMm Z§d;hLADÙJhLd"?pq Õ hLd"?Bd
AMO�IXKLd5d5EÊf l Z^I m I)KnØ�dfghLdpOVd�fbâ l$Ö IJØ!f l ?[O�OgAMK^Ø�d�fgh^dTU l ZÊfBYL?BK^I)? l YLKnE,fgAM\;dPQRâ&h^AMØ[hÉAMO
l)Ö oL?BAD\]I)?BGXADKufgd5?gdpObf�f l fBhLd�Y^Ogd"?�AMO�fghLd�OVY^\ lPÖ fBhLd�U l Z4âÇI)ADf�fgAM\;dI)KnEXfghLd�U l Z,?BYLK
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Greedy Submit-time Moldable vs Non-Moldable
(Sigma=0)
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INfgAMCPd�?gdpO l YL?BØ"d.?Bd5ãuYLAM?gd5\�d5KufBO lPÖjl KLdJQ Öál YL?5Q§d"AMÙPhufpQ§IPK^EXfbâ~d m CJdPq ö~m dpI)? m GXADfTâ l Y m E,Z§d
Znd5KLd�änØ"AMI m f l I mDmMl Ø"INfBd�\ l ?Bd.oL? l Ø�dpOgO l ?[OÇf l fghLdhLd5IWC@AMd5OVf1U l Z �áA�q dJq§fghLd l KLdâ&AµfBh4fgh^d
m IP?gÙJd5OVf~?Bd5O l YL?[Ø�dT?gdpãJY^AD?Bd"\;d"Kuf �1IPK^E Ö d5â~d5?�o^? l Ø�dpOgO l ?[O�f l fghLd m ADÙJhJfBd5OVf¿U l ZRq k�l â�d"CJd"?pQ
Aµf�â l Y m E,K l f�Z§d]EHd5OgAD?[I)Z m d�f l I mMmDl Ø"I)fgd\ l Obf l ?eI mMm oL? l Ø"d5OBO l ?BO&f l fghLd;hLdpIWCuAMd5OVf1U l Z
I)K^E$h^IWCPdTfgh^d l fgh^d"?[OÇâ�IPAµfpq��TK�fBhLd l fBhLd"?&h^IPK^E=QHâ&hLd5KXfghLd5?gdeAFO l K m G�I;OVAMKLÙ m dehLdpIWCuG
U l Z¶AMK]fgh^d�OgGHObfBd"\2QJâ�d�Ogh l Y m E¶I mDmMl âîAµfÇI.â&AFEHd"?�o^IP?VfBAµfBA l K m AM\;Aµfpq@ì�OVY^Aµf[I)Z m dTOVfg?[INfBd"ÙPG
\�AMÙPhuf&Z§dTf l EHd�fBd"?B\�AMKLd�I * Ö I)AM?gÚ¨Ogh^I)?Bd4,.oL? l Ø"d5OBO l ?VÚ�Ø l YLKuf Öál ?&dpIPØ[h.U l ZRQHZ^IJOVdpE l K$fgh^d
Ö ?BIJØ!fgA l KnI m ?gdpO l YL?[Ø�d.?Bd5ãuYLAM?gd5\;d"Kuf lPÖ fBhLAMO~U l ZÉØ l \;o^I)?Bd5E,f l fghLd�f l fBI m ?gdpãJY^AD?Bd"\;d"Kuf[O
l)Ö I mMm o§d"KnEHADK^Ù.U l ZnO"q Õ huYnO&fgh^d�\]INåHAM\�YL\ I mMmDl âÇI)Z m d�o^IP?VfBAµfBA l K4OVA � d ��Ø"I mDm d5E,fghLd Ö IPAD?
OVh^IP?gd m AM\;Aµf � OVh l Y m E.Z§dÇELAµ×»d"?Bd"Kuf Öál ?
EHAµ×»d"?Bd"Kuf»U l ZnO IPK^E�ADfjOVh l Y m E�EHd5ond5K^E�Y^o l K�â&h^I)f
Ö ?BIJØ!fgA l K l)Ö fgh^d]f l fBI m â�d"AMÙPhuf lPÖ fBhLdeU l Z^O�Ø�YL?B?gd5Kuf m G4ADKÉfBhLd�OgG@OVfgd5\ �áZ l fBhøAME m d¶IPK^E
?gYLK^KLADK^Ù �ÇITU l Z2Ø l K^ObfBAµfBYHfgdpO"q Õ hLd Ö I)AM?�OVhnI)?Bd m AD\;ADf Öál ?�ITU l ZXAFO&EHd"ä^KLd5E2IJO ÖálPmMmDl â�Oeæ

%^I)AM?�>@h^IP?gd��çAD\;ADf l)Ö I�� l Z	� � Õ¿l f[I m i1? l Ø�dpOgO l ?[OTADKÉfgh^d�>@GHObfBd"\ �	��ôÈd5ADÙJhuf l)Ö
fghLd
� l Z��P>@YL\ lPÖ fBhLd�ôÈd5ADÙJhufBO lPÖ I mMm � l Z^O ö YL?B?Bd"Kuf m G¶AMK$fBhLd�>@GHOVfgd"\2q

>@ADKnØ�d2fgh^d4I)Z l CPd m AM\;Aµf$\;IWG:Znd l CJd"? m Gø?Bd5OVfg?BAFØ!fgAMCPdJQjIøObfB?gd"fBØ[h Ö IPØ�f l ? l)Ö ßÉâ�IJO
Y^OVdpE=qRA�q d;fBhLd¶\]INåHAM\�YL\ I mMmDl âÇI)Z m d�oL? l Ø"d5OBO l ? m AM\;Aµf Öál ?.I�U l Z�âÇIPO�Ogd�f�f l fbâ&AFØ�d]ADfBO
Ö I)AM?jOVh^IP?gd m AD\;ADf5q Õ huYnO Öál ?jdpIPØ[hTU l ZRQPI�?[I)KLÙJd lPÖ Ø[h l AFØ�d5O Öál ?�o^I)?gfgADfgA l K]OgA � d5O5Q Ö ? l \ l K^d
f l fbâ&AFØ�d.ADfBO Ö I)AM?�Ogh^I)?Bd m AM\;AµfTAMO�fgd5OVfgdpE,I)K^EXfBhLd l KLd.â&hLAFØ[h2ÙPAMCPd5O&fghLd.Z§d5OVfTd"åHondpØ!fgdpE
fgYL?BK^I)? l Y^K^E¶fBAD\;d�AFO&Ø[h l Ogd"Kçq

%¿AMÙ^q»ïXOVh l â�O�fgh^do§d"?[Ø�d5KJf[I)ÙJdØ[h^IPKLÙPd.AMKÈfghLd;IWCPd5?BIPÙPdefgY^?gK^IP? l YLK^E2fBAD\;d Öál ?�fgh^d
ÙP?Bd"d5ELGTI)KnE�fghLd Ö IPAD? OVhnI)?BdjOgØ[hLd5\;d�â&AµfBh.?gdpOVo§d5Ø�fRf l K l KHÚ¨\ lPm ELI)Z m djØ l K^Ogd"?BCNINfgAMCPd
Z^IJØ[auÚ
ä mDm OBØ[hLdpEHY m ADKLÙnqWôÈd l ZnOVd5?gCJd�fgh^I)f
fghLd Ö I)AM?�OVhnI)?Bd~OBØ[hLd"\;d�?gdpOVY m fBO AMK�Ieð)è��EHd5Ø"?gdpIPOgd1AMK
fghLd l CJd"?[I mMm IWCJd"?[I)ÙPd�fgYL?BK^I)? l Y^K^E]fBAD\;d.Ø l \;o^I)?Bd5E¶f l Ø l K^OVd5?gCNI)fgAMCPd�Z^IPØ[auä mMm AMKLÙnq@à l OVf
l)Ö fghLd.U l ZõØ"I)fgd5Ù l ?BAMd5OeAM\�o^? l CJd;OgAMÙPKLADänØ"IPKuf m GPQRâ&ADfgh l K m G�I,O m AMÙPhuf�EHd"fgd"?BA l ?[INfgA l K Öál ?
fghLd�Og\]I mMm U l Z^O5q ö~l \;o^IP?gAMKLÙTfghLdÇÙP?Bd"dpEHG�OBØ[hLd"\;d�â&AµfBh�fghLd Ö IPAD?jOgh^I)?BdÇOgØ[hLd5\;dPQWfgh^d Ö IPAD?
OVh^IP?gd�OgØ[h^d"\;d�AM\;oL? l CJd5OjfghLd l CPd5?BI mDm IWCPd"?[I)ÙJdÇfgYL?BK^IP? l YLK^E;fBAD\;deI)K^E¶fghLdTfgYL?BK^IP? l YLK^E
fgAM\�d Öál ?�I mMm fBhLd.U l Z^O�d"åLØ�d"oLf.fghLd$CPd5?gG m IP?gÙJdeU l Z^O+�áâ&h l Ogd¶â~d5ADÙJhuf�AMOÙP?Bd5I)fgd5?�fgh^IPK
Þpß.3^Q èJèPèeOgd5Ø l K^ELO��!q %¿AMÙ^quÜ�Ogh l â�O�o§d"? Öál ?B\]I)K^Ø"d�ELINf[I Öál ?�� �ÞPq Õ hLd�?Bd m INfBADCJd�AD\;oL? l CPd"Ú
\�d5KufBO IPØ[hLAMd"CJd5EeZ@G�fghLd~oL? l o l OVdpE�OgØ[h^d"\;d~Ø l \;o^I)?Bd5E�f l fBhLd1ÙJ?gd5d5EHGeOgØ[h^d"\;d1AMK^Ø�?Bd5IJOVdpO
â&AµfBhXAMK^Ø"?gdpIPOgADKLÙ �
q

� %&Ó ���¿Ñ�Ò � � *5ÎLÔ ( ��� Ð$�gÑ�� &TÔ-�VÔ�Î�. ��ÍTÑ�� ���jÏ�� KGK@Ô%M$� ���Ó����&� �VÔgÍ��

é�K;fghLAFO1Ogd5Ø�fgA l KRQ)â�d�INfgfgd5\�oLfjf l d5KLh^IPK^Ø�d&o§d"? Öál ?B\]I)K^Ø"d&ZuG\ l ELA Ö G@AMKLÙ�fgh^d�OgØ[h^d5EHY m AMKLÙ
ObfB?BI)fgd"ÙJG]ADKXfbâ l â�IWGHO5æ



Fair Share Scheme - Submit Time - Conservative 
(Sigma=0)
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Fair Share Scheme - Submit Time - Conservative (Sigma = 1)
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�
é�K^OVfgd5IJE l)Ö�Ö ?gd5d � AMKLÙXfgh^d]o^I)?gfgADfgA l K�OVA � d¶Ø[h l AFØ�d Öál ?�dpIPØ[h$U l ZøINf&U l ZÉOgYLZL\;AFOgOgA l K
fgAM\;dPQ^EHd Ö d"?�ADf&fgA mMm IPØ�fgY^I m U l Z,Obf[I)?gfÇfgAM\�d ��>HØ[hLdpEHY m d�Ú�fgAM\�d�\ lJm ELIPZLA m ADfbG��!q

�
é�K^OVfgd5IJE l)Ö YnOVAMKLÙ]Ø l K^OVd5?gCNI)fgAMCPd�Z^IPØ[auä mMm AMKLÙnQHY^OVd�IPÙPÙP?Bd5OBOgADCJd�Z^IJØ[aJä mDm ADK^Ù

Õ hLd"?Bd.AFO�I Ö YLKnELI)\;d"Kuf[I m fg?[IPEHd"Ú l ×ÊZnd"fbâ~d5d"KÊØ l K^Ogd"?BCNINfBADCJdeIPK^E4IPÙPÙP?Bd5OBOgADCJdTZ^IJØ[auÚ
ä mDm AMKLÙ^q ö~l KnOVd5?gCNINfBADCJd]Z^IPØ[auä mMm ADKLÙÈoL? l CuAFEHdpO.?Bd5Ogd"?BCWI)fgA l K^O�f l I mMm U l Z^OI)f�OgYLZL\;AFOgOgA l K
fgAM\�dJQJâ&h^A m dTIPÙPÙP?Bd5OBOgADCJd�ZnIPØ[auä mMm AMKLÙ.h^IJO l K m G l KLd�?Bd5Ogd"?BCWI)fgA l K]INfÇI)K@GfgAM\�dJq Õ h@Y^O1fgh^d
I)ÙPÙJ?gdpOgOgAMCPd�OBØ[hLd"\;d�h^IPO�\�YnØ[h�\ l ?Bd�Z^IJØ[auä mDm AMKLÙ^q k�l â�d"CJd"?pQ�U l Z$Ø"I)fgd5Ù l ?BAMd5O1fgh^I)f�h^IWCJd
EHA �¶Ø"Y m fbG�Z^IJØ[aJä mDm ADK^Ù ��OgY^Ø[h¶IPO�CJd"?BG�â&AFEHd�U l Z^O �jOVYH×»d"? Ö ? l \ëfBhLd m IPØ[a l)Ö ?gdpOVd5?gCNI)fgA l K^O5q
�TCPd"?[I mMm Q5â&hLd"fghLd5?jØ l K^OVd5?gCNI)fgAMCPd l ? IPÙPÙJ?gdpOgOgADCJdjZ^IJØ[aJä mDm AFO
Znd"fVfgd5?5Q)ELd"o§d"K^ELO l K�fBhLdÇ\;Aµå
l)Ö fghLd&U l Z^O�OgAMK^Ø�d.O l \;d.O l \;dÇU l Z^O/�_>@h l ?VfTôíAMEHd �&Ø l K^OgAMOVfgd5KJf m GXE l Z§d�fVfBd"?Tâ&AµfBh4Ø l KLÚ
OVd5?gCNINfBADCJd�Z^IPØ[auä mMm â&h^A m d l fBhLd"?[O/� � l KLÙ���IP?g? l â ��E l Z§d�fgfgd5?�â&ADfghÊIPÙPÙP?Bd5OBOgADCJd�ZnIPØ[auä mMm
ÛµÞ �NÝ¨QRÛ ßPèNÝ¨q

k�l â�d"CPd5?5Q@â&hLd5K,â~dØ l KnOVAFEHd"?�I¶\ lJm E^I)Z m dÇU l Z4OBØ[hLd5ELY m AMKLÙ]\ l EHd m QLfBhLd�EHAFOBIPEHCNI)KLÚ
fBI)ÙJd lPÖ I)ÙJÙP?Bd5OBOVAMCPd�ZnIPØ[auä mMm AMKLÙeEHAMOBI)o^ondpI)?[O�� Õ hLAFO¿AFO
Z§d5Ø"IPY^OgdPQpfghLd5?gdÇI)?Bd1K lTmMl KLÙJd"?nU l Z^O
fgh^I)f�I)?Bd Öál ?[Ø�dpE$f l Z§d *BOVh l ?Vf�IPK^E2â&AFEHd4,;Ú~fghLd5G,Ø"I)K,\ lJm EXfBhLd"\]Ogd m CPd5O&f l Z§d * mDl KLÙ
I)K^E:K^I)?B? l â�,4AMK^ObfBd5IJE÷A Ö fBh^INf¶ÙJd�f[O�fBhLd"\ ãuYLAMØ[aJd"?]Ø l \;o m d"fgA l KRq Õ h^AMO]o^? l \�oLfBO�fgh^d
EHd"CJd mMl oL\;d"Kuf lPÖ IeOBØ[hLd5EHY m d"Ú_fBAD\;d�Ú¨\ lPm ELI)Z m d�IPÙPÙP?Bd5OBOgADCJd1Z^IJØ[aJä mDm ADK^ÙeOVfg?[INfBd"ÙJGPQWfghnINfjâ�d
d"CNI m Y^INfBdeKLd�å@f5q

Fair Share Scheme - Schedule Time - Aggressive (Sigma=0)
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%¿AMÙ^qWð�Ogh l â�O=fBhLd1o§d"? Öál ?B\]I)K^Ø"d l)Ö fBhLd Ö IPAD?
Ogh^I)?Bd1OBØ[hLd"\;djY^OgAMKLÙTIPÙPÙP?Bd5OBOgADCJd ZnIPØ[auä mMm
I)K^E¶OBØ[hLdpEHY m d�fgAM\;dT\ lJm ELIPZLA m ADfbGPquôÈd l ZnOVd5?gCJdÇfgh^I)f~fBhLAMOÇOBØ[hLd"\;d�Ø m d5I)? m G l YHfgo§d"? Öál ?B\]O
Z l fghfghLd&K l KHÚ¨\ lJm E^I)Z m d~Ø l K^Ogd"?BCNINfgAMCPd~Z^IPØ[auä mMm ADKLÙeOBØ[hLd"\;d&I)K^E.fghLd Ö IPAD?gÚ�OVh^IP?gd~OgØ[hLd5\;d
Y^OVAMKLÙîØ l K^OVd5?gCNI)fgAMCPd4Z^IJØ[auä mDm IPK^E8OgYLZL\;ADf$fBAD\;d�\ lPm ELI)ZLA m AµfbGJq Õ h^d l CJd"?[I mMm IWCPd5?BIPÙPd
fgYL?BK^I)? l Y^K^E¶fBAD\;d�AM\;oL? l CJd5O�Z@G$I m \ l OVfTòNè� Ø l \�onI)?Bd5E]f l Ø l K^OVd5?gCNI)fgAMCPd�Z^IPØ[auä mMm AMKLÙnq
ì m O l Q¿fBhLd$fgYL?BK^I)? l Y^K^E�fgAM\;d5O l)Ö I mMm U l Z:Ø"I)fgd5Ù l ?BAMd5O.AM\;oL? l CPd�Y^K^EHd"?fgh^d Ö IPAD?;Ogh^I)?Bd
Z^IPOgd5EõOBØ[hLdpEHY m d�fBAD\;dX\ lJm E^I)Z m dXIPÙPÙJ?gdpOgOgADCJd]Z^IPØ[auä mMm ADKLÙÉObfB?BI)fgd5ÙPG�Ø l \;o^IP?gdpE�f l fgh^d
l fgh^d"?�fbâ l OBØ[hLd"\;dpO"q %¿AMÙ^q»ñ¶Ogh l â�O&o§d"? Öál ?B\]I)K^Ø"d Öál ? � �ÞPq Õ hLd.o§d"? Öál ?B\;IPK^Ø�d l)Ö fgh^d
\ lJm E^I)Z m d�OBØ[hLd"\;d5OTEHd�fBd"?BA l ?BI)fgdpO�Ø l \�onI)?Bd5E$f l � ��è]ZndpØ"IPY^OVd.fghLd?gYLKufBAD\;d Öál ?TIeU l Z



Fair Share - Schedule Time - Aggressive (Sigma=1)
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l K�I&â&AFEHd5?ço^IP?VfBAµfBA l K.AMOçhLAMÙPhLd5?¿â&ADfgh � �Þjfgh^IPK.â&AµfBh � ��è^q k�l â�d"CJd"?=fBhLd1o§d"? Öál ?B\]I)K^Ø"d
AMO.OVfgA mMm Ø l K^OVAFEHd5?BIPZ m G,Z§d�fgfgd5?�fgh^IPKÉfghLd]K l KHÚ¨\ lJm E^I)Z m d�Ø5IPOgd]I)K^EÈfgh^d]ÙP?Bd"d5ELG4OgØ[hLd5\;d
Öál ?&\ lPm ELI)Z m d�OBØ[hLd5EHY m AMKLÙ^q

� �ÈÐ~Í�Ó!�VÒLK@ÔbÐ1Í

é�K2fghLAFO&o^IPond5?�â~dIPELEH?Bd5OBOgd5E�fghLd.AFOBOVYLd lPÖ d"×§dpØ!fBADCJd�OVd m dpØ!fBA l K lPÖ o^? l Ø�dpOgO l ?Ço^IP?VfBAµfBA l K
OVA � d Öál ?�\ lPm ELIPZ m d¿U l ZnO"q Õ hLdÇoL? l o l Ogd5EOgØ[hLdpEHY m ADK^Ù�OVfg?[INfBd"ÙPAMd5O¿â�d"?Bd�Ogh l â&K.f l o^? l C@AFEHd
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